According to the identity principle in quantum theory, states of a system consisted of identical particles should maintain unchanged under interchanging between two of the particles. The whole wavefunction should be symmetrized or antisymmetrized. This leads to statistical correlations between particles, which exhibit observable effects. We design an experiment to directly observe such effects for bosons. The experiment is performed with two photons. The effect of statistical correlations is clearly observed when the wavepackets of two photons are completely overlapped, and this effect varies with the degree of overlapping. The results of our experiment substantiate the statistical correlation in a simple way. Experiment reported here can also be regarded as another kind of two-photon Hong-Ou-Mandel interference, occurs in the polarization degree of freedom of photon.
One of the basic principles consolidating the foundation of quantum mechanics is identity principle, which indicates that there will be no observable change in a system consisted of identical particles when two of the particles are interchanged with each other [1] . To meet this request, the whole wavefunction of the system should be symmetrical for bosons, while antisymmetrical for fermions. This leads to a quite different effect from classical physics. In a system containing multiple identical particles, there should be correlations between particles since only symmetrical or antisymmetrical state are permitted. It is known as statistical correlation. Many kinds of physical phenomena illuminate the existence of statistical correlation, such as superconductivity [2, 3] and Bose-Einstein condensate [4, 5] . That kind of correlation is closely related with indistinguishability of quantum states, which also excited many interests in fundamental problems in quantum mechanics and applications in quantum information processing [6, 7] .
Statistical correlations result in observable effects. We demonstrate an experiment with photons to directly observe the effect of statistical correlation in boson system, by engineering the overlapping between the wavepackets of two photons and performing proper measurements. The results verify the correlations between two photons when their wavepackets are completely overlapped. The effect of correlation also varies with the degree of overlapping between two photons. By comparison, we find out the connection between our experiment and that of HongOu-Mandel (HOM) interference [8] : our experiment can be regarded as another kind of HOM interference which occurs in the polarization degree of freedom of photon, while HOM interference can also be explained in the way similar to our experiment.
The main idea of the experiment is shown as following. Consider two independent photons, one of which is horizontally polarized while the other is vertically polarized. Obviously, if two photons are spatially separated, they are distinguishable, and the two-photon polarization state should be a product state
with |H (|V ) represents the horizontally(vertically) polarized state. What is the two-photon polarization state when their wavepackets are overlapped in temporalspatial space? Since they are indistinguishable when they overlap, statistical correlation between photons should be considered according to identity principle. For photons which are known as bosons, the whole wavefunction should be symmetrical under interchanging between two photons. Since the temporal-spatial part of the whole wavefunction is symmetrical, the polarization part of the wavefunction should be symmetrized to ensure the symmetry of the whole wavefunction. Thus we obtain the polarization state
It turns out to be a polarization entangled state.
To verify the effect of statistical correlation, i.e., to verify that two-photon polarization state does be the entangled state shown in Eq.(2) instead of a product state when two photons are indistinguishable, what we need to do is to find out the difference between the product state and the entangled state. Toward this, quantum state tomography [6] can not work well here since those processes are designed for separated photons. Here, we perform direct projection measurement on the two-photon state. Projection on the state |D |D are considered, where |D = (|H + |V )/ √ 2. When two photons are • is employed to perform the projection measurement on the state |D |D . The number of photon pairs is counted with another beam splitter (BS2) and two single photon detectors. The degree of overlapping between two photons is engineered by changing the length difference between two arms via scanning a prism located on a PC-controlled motor.
separated and their polarization state is shown in Eq. (1), the probability of the state to be projected on |D |D is
While two photons are completely overlapped, the state shown in Eq. (2) can be rewritten in the basis {|D , |A = (|H − |V )/ √ 2} as
Thus the probability of projection on the state |D |D will be
Therefore, the effect of statistical correlations can be observed directly by measuring the probability of the state projection on the state |D |D .
In the experiments, two photons are created via spontaneous parametric down-conversion (SPDC). The experimental setup is shown in Fig.1 . A continuous wave laser (Coherent, MBR110 and MBD200) operated at a wavelength of 397 nm with a power of 500 mW serves as the pump source. A 0.59-mm-thick β-barium borate (BBO) crystal cut for type-I degenerate noncollinear phase matching is used as the down-converter. The down-converted photons are detected with single photon detectors (PerkinElmer, SPCM-AQR-16). An interference spectral filter centered at 794 nm with 10 nm bandwidth precedes each detector, which result in a coherence time of τ c = 210f s. The polarizer set at 45
• serves for the projection measurement on the state |D |D .
Both photons are initially created in horizontal polarization state and one of them is transformed into vertical polarization with a half wave plate (HWP), the fast axis of which is set at an angle of +45
• with respect to the vertical direction. Two polarizers respectively set to transmit horizontal and vertical polarization states are employed to ensure the purity of the polarization state of two photons.
Then two photons are combined with a polarizationindependent 50:50 beam splitter (BS1) into a single beam, as shown in Fig.1 . There are four cases for two photons flying from two outputs of BS1. Only those cases that two photons leave BS1 via the same one of the outputs are considered, the probability of which is 1/4. The degree of overlapping between the wavepackets of two photons is controlled by changing the path length of one photon, which is performed with a prism located on a computer-controlled motor. In the experiments, path length difference between two photons are scanned from −160µm to 160µm, thus the difference of arrival time between two photons varies from -533 fs to 533 fs. When the path difference is large enough, say 160µm, two photons are temporally separated since the difference of arrival time is larger than coherence time of the photons. When the prism is located at the position of 0, two paths are in the same length and two photons are completely overlapped.
Firstly, we count the number of the photon pairs, without projection measurement. The photon pair counting is performed with another beam splitter (BS2) and two detectors, as shown in the dashed box in Fig.1 . Only those cases that both detectors click are recorded. Since detectors only perform exist-or-not measurements and no polarization information of the photons is revealed after photons going through BS2, the post-selection of detection does not causing any interference. The ideal efficiency of pair counting is 50% regardless of the efficiency of the detectors, whether there is correlation between two photons or not. The results are shown as dark squares in Fig.2 . The measured count of the photon pairs is N = 20777 ± 308, which shows no change whether two photons are overlapped or not. The coincidence window is chosen to be 10 ns for all the measurements.
Then the projection measurement is performed with a polarizer set at +45
• to transmit photons in the state |D , and photon pairs transmit through the polarizer are also counted with the photon-pair-counter shown in the dashed box in Fig.1 . When two photons are temporally separated, they are in product state since they are distinguishable. For product state, the number of photon pairs in state|D |D should be N /4 according to Eq.(3), while it should be N /2 when two photons overlap due to statistical correlation as shown in Eq. (5). The results of the measurement varies with the change of path length difference between two photons, shown as round dots in Fig.2 . When two photons temporally separated, the measured count is 4867 ± 96, almost one fourth of N , including the loss costed by the polarizer. Then a maximal count of 9489 is obtained when two photons totally overlapped, which is almost a half of N .
Therefore, the data obtained in the experiments agree well with Eq. (3) and Eq. (5), which verifies the effect of statistical correlation.
Statistical correlations are taking place not only when photons are completely overlapped. From Fig.2 , the coincidence counts continuously increase to the maximum when the difference of arrival time between photons continuously decreasing to zero. That is, when two photons are partially overlapped, correlations are also observable, what's different is the degree of correlation. In our experiments, only two photons are considered for convenience. For the cases that more photons involved, it's possible to exhibit more considerable effects.
To ensure that two photons traveling in the same beam, Hong-Ou-Mandel interference [8] is observed in the experiments. Two photons are transformed into the same polarization state with HWP and two polarizers shown in served to be higher than 97%. Then the two photons are set back to be orthogonally polarized again for subsequent projection measurement and Hong-Ou-Mandel interference disappears [9] under this situation. In addition, the state of the two photons is an entangled state when wavepackets of two photons are overlapped. This entanglement does not exist before two photons being combined on BS1. To make sure that, we perform quantum state tomography [10] on the polarization state of two photons before they light on BS1. The results show that it indeed is a product state. The density matrix reconstructed from the experimental data with a maximum likelihood technique [10] is shown in Fig.3 . The fidelity [11] between the measured density matrix and that of the state |H |V is 0.996.
That is, the state of two photons changes from a product state into an entangled state when wavepackets of two photons are overlapped. Generally speaking, entanglement can not be created without interaction. However, there is no interaction between photons as is well known. What makes two photons entangled? It is the equivalent interaction of statistical correlations. When two photons are overlapped with each other, the wavefunction has to be symmetrized, which makes two photons correlated with each other. Therefore they become entangled. Unfortunately, no applications on this kind of entanglement and interaction has been discussed so far. Now let's recall the experiment of Hong-Ou-Mandel interference and compare with our experiment. Following the above reasoning used for our experiment, HOM interference can also be well explained. In HOM experiment, two photons are prepared in different path states, as shown in Fig.4 , one photon being in the state of |a while the other in |b , with a|b = 0. So the initial state of two-photon should be |ψ i = |a |b . When two photons overlap on the beam splitter, the two-photon state becomes to be |ψ e = (|a |b + |b |a )/ √ 2 according to statistical correlation between two photons. Represented in another basis {|a ′ , |b ′ }, which contains the two output states of the beam splitter, with |a ′ = (|a + |b )/ √ 2 and |b ′ = (|b − |a )/ √ 2. The two-photon state can be
